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on improved welded joints





Recent studies haye shown that the Lrse of improvemenT tech-
niclues on welds al lo--s an increase in the level of adtnissible
fatigue strength (even more than 100%). The aim of this stuth'v'as
to collect and validate literature data, create a data bcLse contain-
ing the joint characteristics and fatigue results, make a statistical
analysis oJ the data in order îo Etanti|l, the eflect of pttranteters
inJluencing the fat igue strength and propose new S-N curves
which are compared to those given in Eurocode 3. Four improt'e-
ment techniques (grinding, TIG dressing, hammer peening, shot
peening) and four joint types (bLrtt, T joints, crLrcilorm ond longi-
tudinal joints) were taken into accoLrnt. Joint thicknesses less than
25 mm loaded in air y:ith a stress ratio R between 0 and 0.1 w'ere
seLecfed. Three classes of y"ield srrength for the base metal yç,ere
considered. <100, 100 600, >600. ALL S-N cttrves were above
those of as-welded assemblies. The best resLtlts v,ere obtained
with hammer peening. The larger increase in the.fLttigue srrettgrh
due to the use of improvemefi rechniques w'as due to the occLrr-
rence of an initiation phase in addition to the crack propdgation
phase. During the init îat ion phase, the extension of e.r ist ing
crack-like defects is slo*-ed down or even stopped. The durotion
of this phase increases v,ith the total fatigLte lfe.
Keywords: Ftttigue strength; TIG remelting; Harnmers: Peetting:
Grinding; GTA welding: Stat ist ical  methods; Butt  
. io ints, '
Cruciform joints; T joints: Longitudinal v;elds; Crack initiation;
Improv e me nt t e c hni que.s
Résumé
Des études récentes ont montré que I'utilisation de techniques de
parachèvement des soudures permettent d'accroître ltt résistance
admissible à la fatigue (jttsqu'à plus de 1007o). Le bttt de cette
étude est de compiler et de valider les données de lo littératttre,
de créer tme base de données indiquant les caractéristique.s des
joints et leur résistance à la.fatigue, d'e.ffectuer ttne anaLy;^e sta-
tistique des données afin de quanirter I'influence cles paramètres
influnnt sur la résistance à Ia fatigue et de proposer de notryelles
courbes S N qui  sont comparées à ceLles spéci f iées dans
I'Eurocode 3. Qu(ûre techniques d'amélioration (meuLage, refu-
sion TIG, martelage et grenaillage) et quatre n-pes de joints (bouf
à bout, assemblages en T, assemblage en croir et ioints longitu-
dinaux) ont é1é pris en compte. Les épaisseurs considérées sont
inJérieures à 25 mm (soLlicitations à I'air ambiant) et le rapport
IIS/IIW-1301-95 (ex doc. XIII-1691-95) Class A recommended for publi-
cat ion by I IW Commission XII I  "Fat igue of  welded components and
structures" as the authors' own work-
I .  Huther and H.P. Lieurade are at  CETIM. France, R. Souissi ,  A.
Nussbaumer and B. Chabrolin are at CTICM. France and J.J. Janosch is at
IS. France.
de charge R est de 0 et 0,1. Trois classes de limites d'éLasticité ont
été consitlérées: <100, 100 600 et >600 MPa. Toutes les courbes
S-N étaient supér ieures à cel les des assemblages brut  de
.soudage. Les meilleurs résultats ont été obtenus par mafteLage.
L'augirnentation rle la résistance à Ia Jitigue sLtite à ces traite-
ments cl'anélioratiotl est due à I'apparition d'une phase d'initia-
tion des fissures, en plus de la phuse de propagation. Lors de la
phase d'initiation, I'extension des Jissures existantes esî freinée et
même stoppée. La durée de cette phase augmente avec la durée
de vie ft)flle en fatigue.
Mots clés: Résistance à la.fat igue; Refusion TIG; Marteau;
McLrtelage; Meulage: SoudtLge TIG; Méthodes statistiques; Joints
bottt à bout; Joints cruciformes; Assemblages en T; Soudures lon-
gitLdinale.s ; lniriation des Jissures ; Méthodes d' amélioration
1. Introduction
Recent studies show that the use of improvement techniques on
welds al lows an increase in the ievel of the admissible fat igue
strength (even of more than 1007o). The gain is particularly good
when these techniques are used with high tensile steel.
The utilization of research results in industry, to take advantage of
these techniques during design. requires the following:
- the specification of each improvement technique, defining
the operational and control practices.
- the modification of acrual design codes conceming the fatigue
of welded joints which do not take into account the improve-
ment techniques and the efficiency of high strength steels.
The target of this study is to collect the literature data and to pro-
vide a statistical analysis.
The study includes the lb l lou ing stepr:
- collection and validation ofliterature data
creation of a data base in the form of sheets containing the
joint  character ist ics and fat igue resul ts
statistical analysis of the data base to quantify the effect of
the parameters influencing the fatigue strength
- from the statistical analysis, proposal of new S-N curves.
2. Improvement techniques
The standard improvement techniques selected in this study are
the following:
- grinding of the weld toe to suppress defects and improve the
shape of the weld toe
- TIG dressing to eliminate weld toe defects and to increase
the weld toe radius
hammer peening on the weld toe to modify the local
geometry and introduce a compressive f ield of residual
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Butt joints (A)
T jo ints (C)
Cruciform joints (D)
Longitudinal non-load-carrying j oints (F)
Fig. 1. Types of joints
improvement technique and yield strength classes of the base
metai (Figs 2 and 4).
From histograms of m (Fig. 2), we observe that:
- the slope of the S-N cur-ves varies according to the improve-
ment technique for the same joint and according to the joint
type for a given improvement technique
- the difference between the slopes can be important for the
same type of joint according to the improvement technique
(e.g.  cruci form jo ints)  or  for  the same improvement
technique according to the joint type
- the slope varies for the same joint and the same improvement
technique when the yield strength varies (e.g. ground
cruciform joint).
Because of the scatter of results (differences due to plate thick-
nesses, welding process, and experimental conditions), we have
determined empirically the envelope cuwes superior and inferior
IMPROVED WELDED JOINTS
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IMPROVED WELDED JOINTS
Table 2. ImProvement results
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Fig. 6. Values of m fixed for characteristic curves 1og Âo - Iog N and
cùesponding levels of Ào (So) determined for 2 x 106 cycles
- So <lesrgn stress range for 2 x 106 cycles lt is obtained by
sr
Sr = rvhere f.7, is a relevant safety fàctor determined to
1r
futfil tirËtrequired safety level (or safety index P)
- Sn, modified characteristrc value obtained by
- 
^{vr
Sor = Sr.ï,nzr = S, ""' . where Yur is the safety factor imposed
' ti"
I Ml
by Eurocode 3' while t'r,, has been determined by statistical
analysis of test results. In that way' So* is the final value that
may be adopted for the detail classification tables'
- S*, (AW) ls coresponding class (stress range for 2 x 106
cycles) Tor as-welded detail of Eurocode 3'
The statistical analysis is based on the assumption ol indepen-
dence between the sample mean and the sample standard devia-
tion, and on Ao (or N) being log-normal' It may then be shown
that the probability of any quantity m-k s (m sample mean' s sam-
ple stanàard deviation; being lower than a given level is calculat-
"dfrornanon-centredStudent 'sdistr ibut ion' theparametersof
which depend on the number of available test resuits'
We have plotted the imposed lrl and the corresponding Ào deter-
mined foi 2 x 106 cycles. versus joint types and improvement
techniques for each class of yield strength' YS < 400' 400 < YS <
600, YS > 600 MPa (Fig. 6)' and the S-N curves for each type of
joint (Fig. 7).
From the S-N curves (Fig. 7)' we observe that:
- All curves are above the Eurocode 3 curves corresponding to
the as-welded joint' and exhibit a resistance increase due to
improvement techniques'
- The S-N curves of improved joints in high tensile steel (YS
> 400 MPa) are above or on those of improved joints in mild
steel.
- For cruciform and longitudinal joints' the hammer peenlng
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Table 3. As-welded results
IMPROVED WELDED JOINTS

































Table 4. The as-welded S^, are similar to those of Eurocode 3, therefore
the comparison between improvement resul ts and those of
Eurocode 3 is justified.
For the butt joints, the experimental SRÀ is lower than that of
Eurocode 3, perhaps because the test specimens were indis-
aligned. This phenomenon is not negligible. For T joints, the test
value is nearer to 90 than 71 because the load of testing is bend-






m Re <,{00 Re > 400 (AW)














m: slope of S-N curve
S^*. design stress range of improvement joints
So* (AW): Eurocode 3 design stress range of as-welded joints
- For butt joints, and the same steel (mild or high tensi le
strength) whatever the improvement may be, the results are
similar (the S-N curves merge).
The S-N curves versus the improvement techniques were plotted
in Fig. 8.
We observe that:
- for TIG dressing and shot peening, the S-N curves are differ-
ent according to the joint; the better results are achieved for
butt joints and the worse for longitudinal joints, according to
the code classification of as-welded joints;
- for hammer peening, the S-N curves of each joint are close;
- for grinding, a great difference exists between the results
according to the joint type.
7. Comparison between as-welded results and Eurocode 3
For each publication of improved results, as-welded results are
given as reference. These as-welded tests are analysed by the
same method of tests as improvement joints (Annex Z of the
Eurocode 3). A single class of yield strength are given because
the yield strength has no influence on S-N curve.
The slope of the S-N curve is imposed at 3, as in Eurocode 3, and
the results may be transformed in stress range at 2 x 106 cycles.
The analvsis orovides the results shown in Table 3.
7T
r25 71 90 This study collected literature data in the form of standard data
220 sheets (some 300 sheets), to analyse them stat ist ical ly and to
establish S-N curves.
105 63-7t-
t20 90 Four improvement techniques (grinding, TIG dressing, hammer
peening, shot peening) for four joinls (butt, T joints, crucijbrm,
and longitudinal joints) were taken into account in this study.
After a preliminary analysis, we selected joints with thickness
smalLer than 25 mm Ioaded in air, with a stress ratio R, between 0
and 0.1. Three classes of ,tield strength of base metal (YS < 400,
400 < YS < 600, YS > 600 MPa) were considered.
After a statistical analysis (linear regression of test results), we
have fixed the slopes of the S-N curves for each joint type and
improvement techniques whatever the yield strength may be. AII
these s/opes are greater than J. They were used to derive the
design stress range S"* (Eurocode 3 method) at 2 x 106 cycles. A/l
the S-N curves achieyed are nbove those of as-welded assem-
blies. The better results are obtained with hammer peening.
In summary, we achieve the results shown in Table 4.
The rather large increase in the fatigue strength, due to the use of
improvement techniques, can be explained by the occurrence of a
so-called initiation phase in addition to the crack propagation
phase. During the init iat ion phase, the extension of exist ing
"crack-like" defects is slowed down or even stopped. The dura-
t ion of this phase increases with the total fat igue l i fe (or the
decrease on the stress range). It explains the effect observed on
the slope of the S-N curves.
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EH 36 360 Shallow bun grinding +
disc grinding


















































































































Hl5-3 810 Grinding Butt welded z0Au









































































































Ground (15 pass weld)
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Appendix 2. Continued on next page
Grinding (AO grun24
Grinding (@12) grain 24
Grinding (@6) eraln 60
Grinding (Q12) grain 60







































































.utc731 tr = 7
0lO Suruâad râurueH
692
I '  SS














Surpuug glt J) çç€ g
I0JIV Surpueg OE 3urpuug OLÊ çç€ s
adldOI êJnssâJd tI 8
06n 09x

































































LT'LI  'V 'Z
8t ' t 'z
dt c








































































'unu çZ'9 qldâp) Surpuu9
(qtpta,r pt1ied
'ulu Z't qldâp) Surpuug
(qtptm lerued























sassed 7) peleeq lods +
ruroJnruJ (sessedT)Surueed'teuure11
(plâ,l.r roJ ssed 1) peleeq lods +
rruoJnrrJ (sassedT)Surueed:erurue11





















panurluoJ :l lJed z xpuaddv
254









































Superelso 70 685 Disc ground
Toe burr ground
Fu11y bun ground



























Grinding weld plasma arc







S. = 250 A3 sea water synt. 1'6
s. = 250 A3 16
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Appendix 2Part2: Improvement technique: TIG (Tirngsten Inert Gas)






o.* Environment Conditions Reference









































550 0.1F490 Tension 13,74
3,28,36
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l5 kJ/cm + 200"C
25 kJ/cm + 200'C
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258 IMPROVED WELDED JOINTS
Appendix 2 Part 2t Continued
Improvement techniques: TIG dressing (Thngsten Inert Gas)
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Appendix 2 Part 2: Continued
Improvement technique: Shot peening






o-* Environment Conditions Reference
0.1100 5086H111 Tension Without chamfer 31,32
glass ball
Ceramic bal l  31,32
Steel  bal l  31,32
With chamfer glass ball 31, 32
Ceramic ball 31,32
Steel  bal l  31,32






LOL 8S4360-434 t2.5 Tension A1r 57, 58
345 BS4360-50D 38 Cantilever bending Air 0.016-0.02 A
0.024-0.028 A
Sea water





373 8S4360-508 t3 Tension A1r MiG Q = 0.6
0.012-0.016 A
Alr380 8S4360-50B l3 Tension MMA Q = 0.8
0.012-0.016 A








392 8S4360-508 12.5 Tension 57,58








400 BS4360-50B 13 Tension MIG Q = ç.6
0.012-0.016 A




'769 l5Sr 70V Tension Alr 62
'775 10E690 Tension 0.1 15,44
824 RQT700 13 Tension






E-r / i r^nmênfYS (MPa) Material Load Reference
409 836 4-point bending 0.1
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Appendix 3
Analysis of results by linear regression in 1og-1og
log N= - m.log Ào + iog C
l,lz: slope
Mean curves
I mp rov ement te c hnique : Grindin g
C: constant
Âo:forN=2x106cycles
Bufi joint (A) T joint (C) Crucifom 1D1 Longitudinal (F)
Slope Constant Slope Constant Slope Constf,nl Slope Constant











R= I Re < 500 Tension
Bending
6.46 20.96 185.24
R = 0.3 0.5 Re < 500 Tension
Bending
18.82 132.71
Improvement technique : TIG dressing
Burt joinr (A) T joint (C) Crucitbm (D) Longitudinal (F)
Slope Constatrl Slope Constant Slope Constf,nl Slope Constanl
0<R<0.1
R=1
Re < 500 Tension I 1.28
Bending 13.87






3.98 15.1 6 161 .13





Re < 500 Tension
Bending





5.66 5.67 r8.32 t32
R = 0.1-0.5 Re < 500 Tension
Bending
5.12 18.69 145.98
R = 0.3-0.5 Re < 500 Tension
Bending
41.03 106.39 215.11
I mp rov ement t e c hnique : S ho t p e enin g
Butt joinr (A) T joint (C) Crucifom (D) Longitudinal (F)
Slope Constenl Slope Constânl Slope Constant Slope Constant
0<R<0.1 Re < 500 Tension 92.12
Bending















Re < 500 Tension
Bending
1,t.61 34.32 255.21
R = 0.3 0.5
4.91 17.83 223.1,2
16.45 132.83Re < 500 Tension
Bending
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Improvement lechnique : Shot peening
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Improvement lechnique : Hammer peening










Improve ment | ((hn ique : G ri nd i n g
Butt joint (A) T jo int  (C) Cruciform (D; Longitudinal (F)
Slope
^o



















Improvement technique : TIG dressing






















Improvement lechnique : Shot peening
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